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In τ physics, we are at the frontier between the completion of the LEP program and the start of
analyses from b-factories, which are expected to produce results in the coming years. Nice results from
CLEO are steadily delivered in the meantime. For charm, impressive progress have been achieved by
fixed target experiments in the search for CP violation and D◦ − D◦ oscillations. First results from
b-factories demonstrate the power of these facilities in such areas. The novel measurement of the D∗
width by CLEO happens to be rather different from current expectations. The absence of a charm
factory explains the lack or the very slow progress in the absolute scale determinations for charm
decays.
1 Tau physics
τ physics is an extremely rich area. In the
following, I will consider the tests of lepton
couplings universality to weak vector bosons,
in light of recent measurements. In a different
domain, τ decays into two pions play a special
role as they can be related to e+−e− annihila-
tion into hadrons (I=1 component) and thus
provide an accurate determination of the pion
form factor. It can be noted that, in τ de-
cays, measurements are obtained within the
same experimental running conditions and
that hadronic decays are normalized relative
to leptonic decays. These favourable cir-
cumstances allow, in general, a better con-
trol of systematics as compared with experi-
ments operating at low energy e+ − e− ma-
chines which need to run at different energies
and have to determine an absolute normal-
ization for each energy point. These proper-
ties have been used to reduce uncertainties
related to the virtual photon hadronic com-
ponent in the evaluation of, for instance, the
muon anomalous magnetic moment. Hadron
production in τ decays, through the charged
weak current, is theoretically “clean” and al-
lows one to measure αs(m
2
τ ) and to determine
the value of the strange quark mass.
Because of the time allocated for this pre-
sentation, I was unable to cover other topics
such as the detailed spectroscopy of hadronic
states in n π (n ≥ 3) decays, recent results
on the Lorentz structure in leptonic decays 1
and new measurements of topological branch-
ing fractions 2.
Results presented in this review have
been obtained by analysing a few 105 τ pairs
in each LEP collaboration and a few 106
events in CLEO. In future a few 108 events
will be available at b-factories.
1.1 Neutral current universality
LEP results have been finalized, the last anal-
yses from ALEPH have been completed 3. An
important property of the τ lepton is that its
polarisation can be measured from distribu-
tions of kinematical variables obtained from
the four-momenta of its decay products. The
variation of this polarization versus the an-
gle (θ) between the τ− and the incident elec-
tron beam directions (Eq. (1)) allows one to
extract, separately, the electron (Ae) and τ
(Aτ ) asymmetries.
Pτ (cos θ) = −Aτ (1 + cos
2 θ) +Ae(2 cos θ)
(1 + cos2 θ) + 43AFB(2 cos θ)
(1)
with:
Al = 2g
l
V g
l
A
(glV )
2 + (glA)
2
(2)
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glV and g
l
A are, respectively, the vector and
axial vector couplings of the lepton (l) to the
Z boson.
One may note, from figure 1, that all
measurements are compatible and also that
ALEPH results have the best accuracy. This
comes mainly from a larger sample of anal-
ysed events (such as for instance τ− →
a−1 ντ ; a
−
1 → π−π0π0 decays) and from a bet-
ter control of systematics. It is apparent also
that the use of polarized beams from SLD,
brings an important constraint on Ae.
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Figure 1. Comparison of the Ae and Aτ measure-
ments by the ALEPH (A)3, DELPHI (D)4, L3 (L)5,
and OPAL (O)6 collaborations. The ellipses are one
standard error contours (39% CL). The horizontal
lines represent the SLD (S)7 Ae measurement plus
and minus one standard deviation. Figure from 3.
The measurements of production rates,
forward-backward asymmetries and, in case
of τ leptons, of the polarization, can be used
to extract values for the vector and axial-
vector couplings of leptons to the Z boson.
Figure 2 indicates that the three lepton fam-
ilies select compatible regions. In terms of ac-
curacy, the τ has an intermediate position be-
tween the electron, which benefits from SLD
7 results on initial state polarization, and the
muon for which no information on polariza-
tion is available. The overall average favours
a rather light Higgs boson mass as is usually
said.
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Figure 2. Effective lepton couplings. The ellipses
are one standard deviation contours (39% CL). The
shaded area indicates the Standard Model expecta-
tion. Figure from 8.
1.2 Charged current universality
Several measurements can be used to study
the universality of lepton couplings to W
bosons such as τ → leptons, τ → π(K)ντ ,
... in the following, among all possible tests,
the most accurate results have only been con-
sidered.
τ leptonic decays have been measured
into electron and muon final states. The
present accuracies on the corresponding
branching fractions are dominated by LEP
results which are almost in their final form.
The universality in charged current couplings
can be studied, considering the parameters
ge,µ,τ defined as:
Gτℓ =
1√
2
(
gτgℓ
4m2W
)
= GF (3)
The theoretical expression for the leptonic τ
branching fraction is then:
BR(τ− → ℓ−νℓντ ) = G
2
τℓm
5
τττ
192π3
f
(
m2l
m2τ
)
×
(
1 +
3m2τ
5m2W
)
(1 + δQED) (4)
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In this expression, f , is a phase space cor-
rection to account for the final state charged
lepton mass:
f(x) = 1− 8x+ 8x3 − x4 − 12x2 lnx (5)
and δQED contains radiative corrections
9:
δQED =
α(mτ )
2π
(
25
4
− π2
)
+6.743
(
α(mτ )
π
)2
.
(6)
From present averages 10 of existing measure-
ments:
BR(τ− → e−νeντ ) = (17.804± 0.051)% (7)
BR(τ− → µ−νµντ ) = (17.336±0.051)% (8)
and taking into account the expected differ-
ence coming from final lepton masses one ob-
tains:
gµ
ge
= 1.0006± 0.0021 (9)
which can be compared with the value of
1.0023± 0.0016 deduced from measurements
of π → ℓνℓ decays and using the determina-
tion of radiative corrections given in 11.
τ lifetime measurements at LEP are also
almost final, the only remaining unpublished
result, from DELPHI 12, has been delivered
at this conference. The present accuracy on
the τ lifetime is dominated by LEP experi-
ments as illustrated in figure 3. It must be
noted that the published CLEO result is from
1996, an updated analysis will have an im-
proved accuracy. The equality of τ and µ
couplings can be verified by comparing the
value of the τ electronic branching fraction
obtained within this hypothesis and the mea-
sured one:
BRth.e =
(
mτ
mµ
)5
ττ
τµ
× 1.0005
= 0.17807± 0.00061(ττ)
± 0.00015(mτ)
(11)
BRth.e has been obtained by applying Eq. (4)
to τ− → e−νeντ and µ− → e−νeνµ, assum-
ing gτ = gµ.
BRexp.e = 0.17814± 0.00036 (12)
280 290 300 310 320
Tau lifetime (fs.)
Figure 3. Present measurements of the τ lifetime and
global average (units are fs).
These two values are in agreement and, be-
cause of the accurate determination of the τ
lepton mass by BES 13, the main uncertainty,
in this comparison, is given by τ lifetime mea-
surements. The experimental result, quoted
in Eq. (12), is the average of the two val-
ues given in Eq. (7) and (8) and has been
obtained assuming e-µ universality.
1.3 The τ− → π−π0ντ channel
This decay mode of the τ lepton is of pecu-
liar interest as it can be related to the two-
pion channel produced in e+ − e− annihila-
tion, corresponding to isospin one final states,
through the Conserved Vecteur Current hy-
pothesis.
The C.V.C. hypothesis corresponds to
the following equality between the spectral
functions:
vππI=1(q
2) = vππ
0
(q2) (CV C). (13)
Spectral functions contain the decay dynam-
ics and are defined in Eq. (10).
The electromagnetic pion form factor can
be, in turn, related to these distributions
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dΓ(τ− → π−π0ντ )
dq2
=
G2F |Vud|2 SππEW
32π2m3τ
(
m2τ − q2
)2 (
m2τ + 2q
2
)
vππ
0
(q2)
σ(e+e− → π+π−) =
(
4π2α2em
s
)
vππ(s) (10)
through the equality:
vππ(q2) =
1
12π
∣∣Fπ(q2)∣∣2
(
2pπ√
q2
)3
, q2 = m2ππ
(14)
It is normalized such that Fπ(0) = 1. A re-
cent model independent parametrization of
the pion form factor, based on unitarity, an-
alyticity and on the chiral behaviour of QCD
at low energy, has been proposed 14 which
depends only on the ρ mass value. It is well
in agreement with the measurements up to
q2 ∼ 1 GeV2 as shown in figure 4. Such com-
parisons can be found also in the presentation
of J. Bijnens at this Conference 15.
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Figure 4. Comparison of the result of the fit ex-
plained in 14 with the experimental data on Fpi(s)
from e+e− → pi+pi− (time-like) 16 and e−pi± →
e−pi± (space-like) 17. The result of the fit which has
three parameters is compared with the parametriza-
tion 18 which depends only on the value of the ρ
mass. In the region below 0.8 GeV both curves are
indistinguishable. Figure from 14.
The most recent measurement, obtained
by CLEO 19, is shown in figure 5.
The C.V.C. hypothesis is expected to be
violated at an extremely low level: O(mu −
md)
2. Experimentally, measurements ob-
tained in τ decays and in e+ − e− annihi-
lation have to be corrected for I-spin violat-
ing effects coming from electromagnetic in-
teractions as: ω0 → π+π−, mπ+ 6= mπ0
and (m,Γ)ρ− 6= (m,Γ)ρ0 . After these cor-
rections, the difference between the measured
20 τ− → π−π0ντ branching fraction and the
value deduced from e+ − e− measurements,
which includes new results from CMD-2 21, is
evaluated to be (0.37± 0.29)% 22. It may be
noted that the fitted mass value of the ρ me-
son (775±1) MeV/c2 is rather different from
the present value quoted in the main section
of PDG2000 23 which is (769.3±0.8) MeV/c2.
This last value is dominated by results ob-
tained in other experimental conditions than
τ decays or e+ − e− annihilation.
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Figure 5. Comparison of |Fpi|2 as determined from
CLEO data (filled circles), with that obtained from
e+e− → pi+pi− cross sections (other symbols). The
inset is a blow-up of the region near the ρ peak, where
ρ−ω interference is evident in the e+ e− data. Figure
from 19.
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1.4 αs(m
2
τ ) measurement
Studies of hadronic τ decays have been the
basis of the most accurate measurement of
the strong coupling constant.
First results on αs(m
2
τ ) were obtained in
1993 from pioneer analyses done by ALEPH
24 which were based on theoretical develop-
ments 25 derived in the framework of the Op-
erator Product Expansion formalism 26. The
hadronic τ decay width, normalized to the
leptonic width, Rτ , can be expressed, using
the O.P.E. formalism in terms of a contour
integral at s ≃ m2τ .
Rτ = 3
(
|Vud|2 + |Vus|2
)
SEW
× [1 + δ′EW + δP + δNP ] (15)
with: SEW = 1.0194 and δ
′
EW = 0.0010.
SEW = 1 + 2
(
α
π
)
ln mZmτ represents a short-
distance correction due to virtual particles
with energies ranging from mτ to mZ . Sum-
ming all leading logarithms of mZ/mτ gives
the quoted value 27. The remaining radiative
correction, δ′EW =
5
12
α(mτ )
π , can be found
in 28. From theory, it is expected that the
dominant corrections to the naive expecta-
tion Rτ = Nc = 3 originates from perturba-
tive QCD:
δP =
αs(m
2
τ )
π
+ 5.2023
(
αs(m
2
τ )
π
)2
+ 26.366
(
αs(m
2
τ )
π
)3
+ (78.003 +K4)
(
αs(m
2
τ )
π
)4
+ O
(
αs(m
2
τ )
π
)5
(16)
K4 is unknown, different estimates give a
value of the order of 30, in the evaluation of
systematic uncertainties, it has been assumed
that K4 varies within the range: 50 ± 50.
Corrections of non-perturbative origin are ex-
pected to be suppressed as m−nτ with n ≥ 2:
δNP ≃ O
(
mq
mτ
)2
+
∑
D=4,6,.
CD(µ)
< O >D
mDτ
(17)
where CD(µ) are short distance coefficients
given by theory. The first term in this
expression comes mainly from the value of
the strange quark mass because effects from
lighter quarks can be neglected. This prop-
erty will be exploited in Sec. 1.5. Experi-
mentally it is rather easy to measure Rτ as
it depends only on the τ leptonic branching
fraction:
Rτ =
Γ(τ → Xhντ )
Γ(τ− → e−νeντ ) =
1
Be
− 1− Bµ
Be
= 3.641± 0.011. (18)
Main progress during the past few years
have consisted in measuring the dominant
contributions from non-perturbative correc-
tions 29 30 demonstrating that they are un-
der control. In this purpose, the three in-
dependent contributions to the hadronic fi-
nal state, in τ decays, have been distin-
guished. The strange component, originat-
ing from Cabibbo suppressed W− → us de-
cays, has been isolated by considering events
with an odd number of kaons. In this way,
non-perturbative QCD corrections of order
O(1/m2τ ) are eliminated, once correspond-
ing events are removed from the analysis.
The vector and axial-vector hadronic com-
ponents are then separated by considering
events with, respectively, an even or an odd
number of pions. Corrections have to be ap-
plied to account for isospin violating decays
of η and ω mesons and to distribute events
with kaons 31 over the two components. In
a way, which is similar to the two pion fi-
nal state, spectral functions can be defined
which contain all the decay dynamics (see Eq.
(19)).
Recent results, presented by OPAL 32
are shown in figures 6 and 7. The dom-
inant contributions of the ρ and a1 mesons
rome˙proceedings: submitted to World Scientific on October 27, 2018 5
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v1(s)/a1(s) =
m2τ
6 |Vud|2 SEW
1(
1− sm2τ
)2 (
1 + 2sm2τ
) BR(τ− → V −/A−ντ )
BR(τ− → e−νeντ )
1
NV/A
dNV/A
ds
(19)
RklV/A =
∫ s0≤m2τ
0
ds
(
1− s
m2τ
)k (
s
m2τ
)l dRV/A
ds
(20)
0
0.5
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naïve parton model
Figure 6. The vector spectral function measured by
OPAL. Shown are the sums of all contributing chan-
nels as data points. Some exclusive contributions are
shown as shaded areas. The naive parton model pre-
diction is shown as dashed line, while the solid line
depicts the perturbative, massless QCD prediction.
Figure from 32.
are apparent, at low masses, respectively in
the v1(s) and a1(s) spectral functions. It can
be noted also that, at large mass values, the
two functions are approaching the expecta-
tions from QCD. Differences relative to per-
turbative QCD evaluations are expected to
be of non-perturbative origin and their con-
tributions to Rτ have been parametrized in
Eq. (17) using the O.P.E. formalism. Con-
tributions from the different terms can be en-
hanced by considering moments of the spec-
tral functions giving a larger weight to differ-
ent regions of the mass distribution. In this
way, coefficients CD (D = 4, 6, 8) have been
measured. The validity of this approach can
0
0.5
1
1.5
2
2.5
3
0 0.5 1 1.5 2 2.5 3
s (GeV2)
a
(s)
OPAL
3p , p  2p 0
3p  2p 0
MC corr.
perturbative QCD (massless)
naïve parton model
Figure 7. The axial-vector spectral function mea-
sured by OPAL. The same conventions have been
used as in figure 6. The pion pole has been sub-
tracted. Figure from 32.
also be verified 33 by considering “light-τ”
decays. Instead of evaluating the contour in-
tegral, which corresponds to expression (15),
at s = m2τ , the procedure is repeated for fixed
values of s which are smaller than the τ mass
and keeping only the parts of the spectral
functions which satisfy this bound. Figure 8
illustrates the stability of the method down to
hypothetic τ masses of the order of 1 GeV/c2
when applied to the V+A spectral function.
For individual V or A spectral functions the
stability is observed over a lower range, down
to 1.5 GeV/c2.
The V+A combination appears to be pe-
culiarly stable because of cancellations be-
tween the different non-perturbative contri-
butions. From this analysis 30, the following
rome˙proceedings: submitted to World Scientific on October 27, 2018 6
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CLEO 35 ALEPH34 OPAL36
(0.346± 0.061)% (0.214± 0.047)% (0.360± 0.095)%
Table 1. Measured values for the τ− → K−pi+pi−ντ branching fraction.
3.2
3.4
3.6
3.8
4
4.2
0.5 1 1.5 2 2.5 3
Data (exp. err.)
Theory (theo. err.)
s0   (GeV2)
R
t
,
V
+A
(s 0
)
ALEPH
Figure 8. The ratio RV+A versus the square of the
“light-τ” mass s0. The curves are plotted as error
bands to emphasize their strong point-to-point corre-
lations in s0. Also shown is the theoretical prediction.
Figure from 30.
values have been obtained for the strong cou-
pling constant, extrapolated from the τ up to
the Z mass scales, and for the total contribu-
tion of non-perturbative effects:
αs(m
2
Z) = 0.1202± 0.0008exp
± 0.0024th ± 0.0010extr (21)
δNPV+A = −0.003± 0.005 (22)
similar results have been obtained by CLEO
29 and OPAL32 collaborations.
1.5 Strange quark mass measurement
The analyses of τ spectral functions, de-
scribed briefly in the previous section, can
be sensitive to the value of the strange quark
mass through non-perturbative corrections of
order (ms/mτ )
2. This sensitivity can be en-
hanced by isolating τ decays with an odd
number of kaons. Several branching fractions
of such channels have been measured mainly
by ALEPH 34, CLEO 35 and OPAL 36 col-
laborations. One may note that there is not
a perfect agreement on the values obtained
for the easiest channel (τ− → K−π+π−ντ )
by these three experiments (Table 1).
ALEPH 37 has also measured the spec-
tral function in τ− → usντ decays. To re-
duce the effects from perturbative QCD cor-
rections, the following difference between mo-
ments is used:
δRkl =
RklV+A
|Vud|2
− R
kl
S
|Vus|2
(23)
which is zero in the SU(3) limit. Figure 9
shows the hadronic mass dependence of δR00.
-5
0
5
0 1 2 3
p
K
r
K*
a1
K1
massless pQCD
ALEPH
s   (GeV2)
d
R
00
/d
s
Figure 9. Value of Eq. (23) corresponding to the dif-
ference between Cabibbo-corrected nonstrange and
strange invariant mass spectra. To guide the eye, the
solid line interpolates between the bins of constant
0.1 GeV2 width. Figure from 37.
The main difficulty, in this analysis,
comes from the poor convergence of the per-
turbative QCD series which depends on the
strange quark mass. This convergence de-
pends on the choice of the values for k and l
indices and a better convergence can be ob-
tained at the expense of a lower experimental
sensitivity to ms. The origin of the conver-
gence problem has been explained in 38. One
can quote the two values from recent results
39 40, obtained for different choices of the k
rome˙proceedings: submitted to World Scientific on October 27, 2018 7
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ahadµ =
α2(0)
3π3
∫ ∞
4m2pi
ds
K(s)
s
R(s); R(s) =
σ(e+e− → had.)
σ(e+e− → µ+µ−) (24)
and l indices and which appear to be quite
compatible:
ms(m
2
τ ) = (120± 11exp ± 8|Vus| ± 19th)
or
ms(m
2
τ ) = (130± 27exp ± 9th) (25)
(values are given in MeV/c2 units).
This is an important result which im-
proves the determination of the strange quark
mass value and also of values for lighter quark
masses once the ratioms/(mu+md) has been
taken from analyses based on chiral pertur-
bation theory 41.
With larger statistics of Cabibbo sup-
pressed τ decays, more accurate determina-
tions of the strange quark mass can be ob-
tained in future.
1.6 τ decays and g − 2
The anomalous muon magnetic moment aµ =
gµ−2
2 has been recently measured
42 with im-
proved accuracy and a further reduction of
experimental uncertainties is still expected.
To find evidence for new physics, this mea-
surement has to be compared with theoretical
expectations. The evaluation of aµ receives
three contributions, respectively, from pure
quantum electrodynamics corrections, from
the photon hadronic component and from
W, Z or H exchange:
aµ =
(
aQEDµ (±3) + ahadµ (±150) + aweakµ (±4)
)
×10−11. (26)
The main uncertainty comes from the sec-
ond component which, itself, can be splitted
into two contributions: one being due to the
photon hadronic vacuum polarization and the
other which is usually named hadronic light-
by-light scattering has to be determined from
theory 15. The former contribution is ob-
tained by relating its value to the e+ − e−
hadronic annihilation cross section at low en-
ergy (see Eq. (24)).
The expression for K(s) can be found
for instance in 43 and it appears that 90%
of the integral (24) corresponds to values of
the energy below 1.8 GeV. The uncertainty
quoted in Eq. (26) corresponds to the analy-
sis 43 which is based on results from e+ − e−
annihilation at low energies, prior to 1995.
Measurements of τ decays, explained in Sec.
1.3, can be used to complement results from
e+ − e− machines, at low energy. In addi-
tion, as e+ − e− data, available at that time,
were incomplete and suffer from systematics,
properties of QCD such as unitarity and an-
alyticity can be used in the framework of the
O.P.E. to apply constraints. This approach
44 is rather similar to the one followed in Sec.
1.4. For a value of the energy higher than
a typical hadronic scale, taken to be equal
to 1.8 GeV, the ratio R(s0) can be expressed
as a contour integral of analytical expressions
obtained from perturbative QCD and from a
parametrization on Non-Perturbative contri-
butions in terms of series in s−n0 :
R(s0) =
1
2iπ
∮
|s|=s0
ds
s
D(s). (27)
D(s) is the Adler D-function 45. Moments
can be also defined, in a way similar as in Eq.
(20) and mean values of the operators corre-
sponding to the dominant non-perturbative
components can be obtained. In this ap-
proach 44, the uncertainty on ahadµ is reduced
by a factor two with respect to Eq. (26), be-
coming equal to ±75× 10−11.
This procedure is not applied in the re-
gion of resonances, below 1.8 GeV and in
the vicinity of charm or beauty thresholds.
Further constraints from QCD can be used
in these regions, originating from QCD sum
rome˙proceedings: submitted to World Scientific on October 27, 2018 8
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∫ s0
4m2pi
dsf(s)ℑΠ =
∫ s0
4m2pi
ds[f(s)− Pn(s)]ℑΠ︸ ︷︷ ︸
data
+
i
2
∮
|s|=s0
dsPn(s)Π
QCD
︸ ︷︷ ︸
theory
(28)
Energy (GeV) ahadµ × 1011
(2mπ − 1.8)uds 6343± 56exp ± 21theo
(1.8− 3.7)udsc 338.7± 4.6theo
ψ(1S, 2S, 3770) + (3.7− 5.0)udsc 143.1± 5.0exp ± 2.1theo
(5.0− 9.3)udsc 68.7± 1.1theo
(9.3− 12)udscb 12.1± 0.5theo
(12−∞)udscb 18± 0.1theo
All 6924± 56± 26
Table 2. Contributions to ahadµ from the different energy regions. The subscripts in the first column give the
quark flavours involved in the calculation. Table taken from 47.
rules. This method is explained in 46. It con-
sists in minimizing uncertainties from exper-
imental results, at the expense of introduc-
ing theoretical uncertainties. Polynomial ex-
pressions are determined that mimic the sin-
gular weight function K(s)/s in Eq. (24).
This polynomial function is subtracted to de-
crease the importance of the dispersion in-
tegral which is evaluated from experimental
measurements. In order to compensate for
this subtraction (see Eq. (28)) the same poly-
nomial function is added again, but now, be-
ing analytic, its contribution is evaluated on
a circular contour in the complex plane, us-
ing a theoretical expression for the other part
of the quantity to integrate.
Contributions to ahadµ from different en-
ergy regions of the e+ − e− hadronic annihi-
lation cross section, obtained in the analysis
of 47, are given in Table 2. The total uncer-
tainty on ahadµ becomes equal to ±62× 10−11
and is dominated by experimental uncertain-
ties.
In a recent analysis 48, which includes
new and more accurate measurements from
low energy e+ − e− experiments (CMD-2 21
and BES 49) but in which constraints from
QCD sum rules are not applied, very simi-
lar results have been obtained for the central
value and uncertainty of ahadµ .
To improve further in the determination
of ahadµ , additional measurements at low en-
ergy, of e+ − e− hadronic annihilation cross
sections and τ decays, with a few 10−3 accu-
racy are needed.
2 Charm physics
Ideally, charm physics is an extraordinary
place, for testing QCD technologies 50 as
lattice QCD, QCD sum rules or chiral the-
ory because very accurate measurements
can be obtained in charm decays on sev-
eral key channels. It can be also consid-
ered to extrapolate such results to B physics
in which the measurement of correspond-
ing Cabibbo-Kobayashi-Maskawa matrix ele-
ments requires, usually, a good control of ef-
fects from strong interactions. For instance,
at present, the most sensible way to evaluate
the b-meson decay constant is through the
measurement of the c-meson decay constant
and lattice QCD 51. The present situation
will be summarized in the following and it
will be explained why such a program has not
really started in practice. Another aspect of
charm physics is the search for new phenom-
ena. Direct searches on D0 − D0 oscillations
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Experiment Operation #D0 → K−π+ σt/τD◦ σ(∆m)
(MeV)
E791 π− 500 GeV ∼ 4 104 few %
FOCUS (E831) γ ≤300 GeV ∼ 105 ≤ 10% ∼ 0.7
SELEX (E781) π, Σ 600 GeV 4%
CLEO e+e−
√
s = 10.6 GeV ∼ 2− 4 104 ∼ 40% ∼ 0.2
BaBar e+e−
√
s = 10.6 GeV ∼ 5 104 ∼ 40% ∼ 0.3
BELLE e+e−
√
s = 10.6 GeV ∼ 9 104 ∼ 40% ∼ 0.3
Table 3. A few characteristics of experiments contributing in charm physics.
and on CP violation in c-meson decays have
made impressive progress during the past two
years. Another aspect is related to the pos-
sibility of finding new physics effects in other
fields, as b-hadron decays, because of the con-
trol of hadronic effects gained from c-hadron
studies. Studies of c-hadron decays are also
a good place for the spectroscopy of hadrons
made of light quarks. As an example, clean
signals from scalar mesons (σ, κ) have been
observed in D+ decays 52 but, because of lack
of time, I cannot develop these interesting as-
pects.
2.1 Contributing experiments
A few key parameters illustrating different
characteristics of charm production measured
at fixed target experiments and at experi-
ments running at the Υ(4S) are given in Table
3.
At present, statistics of reconstructed
charm events are rather similar. This will
change during the coming years with the in-
crease of registered data at b-factories. Fixed
target experiments had the advantage of mea-
suring accurately the c-hadron decay time.
This property is also crucial, in their anal-
yses, to isolate clean events samples. Be-
cause of the higher relative production rate of
charmed particles, of a better mass resolution
and powerful particle identification, experi-
ments at the Υ(4S) can obtain charm sam-
ples with similar purity even if their decay
time resolution is 10 times lower. The exper-
imental mass resolution is also an important
parameter, as explained in Sec. 2.5. Only
CLEO and, possibly in future b-factories,
seem to be in a position to measure the D∗+
width.
2.2 Charm hadron lifetimes
Lifetime measurements are needed to re-
late experiments, which measure branching
fractions, and theory, which predicts partial
widths.
Within the O.P.E. formalism, the total
decay width of a charmed hadron can be
expressed as a series in 1/mc
53, the first
contributing correction, related to differences
between mesons and baryons, is of order
O(1/m2c).
Γ(Hc) = Γspect. +O(1/m2c)
+ ΓPI,WA,WS(Hc)
+ O(1/m4c) (29)
The first term in Eq. (29) corresponds to
the c-quark decay (spectator contribution).
Mechanisms in which the light c-hadron con-
stituents are involved are of order O(1/m3c)
but can have large contributions because they
are phase-space enhanced (by 16π2). These
contributions are indicated in figure 10. Ef-
fects from weak annihilation (W.A.), con-
tributing in D0 and Ds decays are expected
to be rather small as they are helicity sup-
pressed. Largest effects are expected from
Pauli interference (P.I.) which can be de-
structive and also constructive, in case of
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lifetime ratio mechanism
τ(D+)/τ(D0) = 2.54± 0.02 P.I.(−)
τ(D+s )/τ(D
0) = 1.206± 0.013 ? interf W.A./Spect.
τ(Λ+c )/τ(D
0) = 0.49± 0.01 W.S., P.I.(−)
τ(Ξ+c )/τ(Λ
+
c ) = 2.25± 0.14 W.S., P.I.(±)
Table 4. Present values for c-hadron lifetime ratios. Expected dominant contributions which can explain
deviations from unity of these ratios are indicated.
baryons, and from weak scattering (W.S.)
which, for baryons, is no more helicity sup-
pressed. These considerations are explained
in 53.
u d s d
c
q
s
q
d
u
Spectator
c
d
s
d
u
d
P.I.
c s
W.A.
uc
c s
d u
u u
W.S.
Figure 10. Idealized diagrams contributing in c-
hadron decays. In the spectator graph, light partons
are not contributing in the weak process. The Pauli
interference (P.I.) graph is active when two identi-
cal partons are present in the final state. The weak
annihilation (W.A.) graphs are helicity suppressed,
whereas, for baryons the weak scattering (W.S.) is
not.
At this conference new measurements
(see figure 11) have been provided by BELLE
54, CLEO 55, FOCUS 56 and SELEX 57 col-
laborations. Some of these results have a
statistical accuracy similar to or even better
than the world average obtained in year 2000.
Studies of systematic uncertainties are thus
crucial and BELLE, for instance, has demon-
strated that they can be controlled also at a
very low level. An accuracy better than one
% has been obtained on D0 and D+ lifetimes.
Taking the (naive) average of all mea-
surements the obtained lifetime ratios are
given in Table 4.
The D+s lifetime is 20% larger than the
D0 lifetime. A difference of O(10%) has been
anticipated but neither its exact value nor its
0 2.5 5 7.5 10 12.5 15
c-hadron lifetime (10-13S.)
Figure 11. New measurements of c-hadron lifetimes
are compared with PDG2000 averaged values (upper
point given for each charmed hadron). For new re-
sults, points with error bars correspond respectively
to the central values and statistical uncertainties.
Shaded zones are for systematic uncertainties (they
correspond to the total uncertainty in PDG aver-
ages).
sign were really predicted 58. The other mea-
sured ratios can be used to evaluate the rela-
tive contributions from P.I. and W.S. mech-
anisms a.
Γ(P.I.)
Γ(spec.)
≃ 0.6
aThis has been done very naively considering that
the respective partial widths for these processes are
independent of the type of the decaying c-hadron. It
has been assumed also that P.I. has the same im-
portance being constructive or destructive. Possible
interferences between different mechanisms have not
been either considered.
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Γ(W.S.)
Γ(spec.)
≃ 1.6 (30)
These values indicate that non-spectator
effects are similar to the spectator contribu-
tion and not much larger. Thus, in spite
of the rather low value of the c-quark mass,
which is close to 1 GeV/c2, the hierarchy
of charm hadron lifetimes can be understood
within the formalism illustrated by Eq. (29).
To go further, absolute semileptonic branch-
ing fractions of c-hadrons, especially for the
D+s and c-baryons, need to be measured. The
same formalism 59 predicts:
Γsl(Ω
0
c) > Γsl(Ξ
+
c ) ≃ Γsl(Ξ0c) ≥ 2Γsl(Λ+c )
(32)
As an example, the Ξ+c and Ξ
0
c are expected
to have similar semileptonic decay widths
whereas their lifetimes differ by a factor five.
It can be noted that new lifetime measure-
ments 60 61 have been obtained for the Ξ+c
which are significantly larger than the previ-
ous average.
2.3 CP violation
As it will clearly appear in Sec. 2.4, CP
violation through mixing is expected to be
very small for D0 mesons. The search for ef-
fects from direct CP violation seems to be
more promising. CP violation, in those cir-
cumstances, requires the contribution from
two weak and two strong amplitudes in the
decay process. The expression for the CP
asymmetry is given in Eq. (31) in which
Ai, δ
S
i and δ
W
i , i = 1, 2 are respectively the
moduli, the strong and the weak phases of
the two amplitudes.
Penguin graphs, in Cabibbo suppressed
decays, are good candidates to provide the
second weak amplitude. Other possibilities
involve W.A. graphs in D+s decays and chan-
nels with K0S
62. Accurate predictions are dif-
ficult because they need to have a control on
strong interaction phases. Typically, effects
of O(10−3) are expected in several channels
63. Present results of ACP are given in Table
5.
Impressive improvements 64 65 66 have
been obtained during the past two years. On
some channels, the sensitivity is close to one
% and systematic uncertainties do not seem
to be the limiting factor. Another order
of magnitude is needed to reach Standard
Model expectations ... and more to expect
a significant measurement. It can be noted
that there are also interesting prospects to
achieve high sensitivities in Cabibbo favoured
channels (CLEO, FOCUS, b-factories) and in
detailed studies of corresponding Dalitz plots
(even time dependent) for conjugate states.
2.4 D◦ −D◦ oscillations
Let’s note that this is the only oscillating sys-
tem involving a (relatively) heavy up-quark
and consequently with d-type quarks circu-
lating inside the loop (see figure 12). This
c
u
w w
u
c
d,s,b
d,s,b
Figure 12. An example of a diagram contributing to
D◦ −D◦ oscillations.
type of diagram generates differences be-
tween the masses and the widths of the mass
eigenstates of the D0 − D0 system. For b-
and s-hadrons, ∆m dominates over ∆Γ. For
charm, contributions from d and s quarks,
circulating inside the loop, are expected to
be dominant as the values of the CKM ma-
trix elements related to the b quark are ex-
tremely small. Standard Model expectations
for the mass and width differences between
the mass eigenstates of the D◦ − D◦ system
are extremely small 67:
∆Γ
2Γ
|sd ≃ ∆m
Γ
|sd ≃ 10−4 − 10−5 (33)
rome˙proceedings: submitted to World Scientific on October 27, 2018 12
For Publisher’s use
ACP =
|Af |2 − |Af¯ |2
|Af |2 + |Af¯ |2
=
2A2A1 sin (δ
S
1 − δS2 ) sin (δW1 − δW2 )
1 +
A2
2
A2
1
+ 2A2A1 cos (δ
S
1 − δS2 ) cos (δW1 − δW2 )
(31)
Channel E79164 CLEO 65 FOCUS 66 Average Theory 63
D0 → K−K+ −10± 50 0.5± 23 1± 27 6± 16 0.1± 0.8
D0 → π−π+ −49± 84 −19.5± 33.3 48± 46 22± 26 0.02± 0.01
D0 → K◦Sπ◦ 1± 13 1± 13
D0 → π◦π◦ 1± 48 1± 48
D+ → K−K+π+ −14± 29 6± 12 2± 11 2± 1
D+ → π−π+π+ −17± 42 −17± 42 −1.2± 0.7
D+ → K◦Sπ+ −5± 14 −5± 14
D+ → K◦SK+ 42± 52 42± 52
Table 5. Present measured values, in 10−3 units, of CP asymmetries.
Corrections from strong interactions can in-
crease these values but not much apparently
67 68:
∆Γ
2Γ
|ld,HQET ≃ ∆m
Γ
|ld,HQET ≃ 10−3− 10−4
(34)
New physics contributions are expected to
enter more probably in ∆m than in ∆Γ
whereas non-perturbative QCD contribu-
tions, as for instance violations of parton-
hadron duality, can contribute in the two
quantities 68. From these considerations it
results that:
• experimentally, measuring ∆m, ∆ΓΓ ≤
10−3 is quite challenging,
• theoretically, having done this measure-
ment and found a signal or a limit at this
level, is far from trivial, implying small
effects from parton/hadron duality vio-
lation 68,
• it is necessary to measure ∆m and ∆Γ
in a separate way.
For a recent update on this subject see also
69.
Recent results have been obtained by
BELLE 70 and CLEO 65 on ∆Γ. These
analyses consist in measuring the lifetime for
events corresponding to different combina-
tions of mass eigenstates b. For instance,
K+K− or π+π− decay channels correspond
to a CP (or mass) eigenstate whereas K−π+
contains the same fraction of the two mass
eigenstates. The measured lifetimes (see fig-
ure 13) can be related to the decay width
difference between the two mass eigenstates
of the D◦ −D◦ system:
∆Γ
2Γ
=
τ(K−π+)
τ(K−K+)
− 1 (35)
The new measurements have not con-
firmed the positive effect seen by FOCUS
71 as shown in figure 14. Averaging all re-
sults gives a value compatible with zero and
it must be noted that the sensitivity has al-
ready reached 1% and does not seem to be
limited by systematics. There are thus good
prospects for improvements at b-factories.
Other types of measurements are sen-
sitive both to ∆m and ∆Γ. They consist
in comparing the time evolution of Cabibbo
favoured (C.F.) and doubly Cabibbo sup-
pressed (D.C.S.) decays. An example is given
in Eq. (36) for the D0 → K−π+ channel.
bIt has been assumed, in the following, that mass and
CP eigenstates are the same.
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RWS(t) =
∣∣∣∣∣< K
−π+|D0(t) >
< K−π+|D0(t) >
∣∣∣∣∣
2
= RDCS+
√
RDCS y
′
(
t
τ(D0)
)
+
x′2 + y′2
4
(
t
τ(D0)
)2
(36)
1
10
10 2
10 3
-6000 -4000 -2000 0 2000 4000 6000
Proper time fs
Ev
en
ts
 / 
10
0f
s
Figure 13. Proper-time distribution and lifetime fit
result for the D0 → K−K+ decay mode. Events have
been selected in the D0 mass signal region. The dot-
ted line shows the background contribution in the fit.
Figure from 70.
This expression has three components:
RDCS corresponds to the D.C.S. decay rate
normalized to the C.F. rate, the term with
the quadratic t dependence is due to oscil-
lations whereas the interference between the
two processes has a linear time dependence.
This expression depends on four parameters:
RDCS , x =
∆m
Γ , y =
∆Γ
2Γ and δ. The
last quantity corresponds to a possible strong
phase difference for D0 decaying into K−π+
or K+π− respectively. As a result, in Eq.
(36), the parameters x′ and y′, which are en-
tering, are related to x and y by a rotation of
angle δ:
x′ = x cos (δ) + y sin (δ) (37)
and
y′ = −x sin (δ) + y cos (δ) (38)
Impressive progress has been made also
in the determination of the integrated rate
-5 -2.5 0 2.5 5 7.5 10
DG / 2G  (10-2)
Figure 14. Present measurements of ∆Γ
2Γ
and global
average.
of wrong sign c (W.S.) D0 hadron decays as
illustrated in figure 15. New results have
been obtained by CLEO 72 (figure 16) and
BaBar 73 collaborations. Combining the dif-
ferent measurements, RWS is obtained with
10% accuracy. There are also new measure-
ments from CLEO 74 on other W.S. D0 decay
channels:
RWS(K
−π+π0) = (0.43+0.11−0.10 ± 0.07)× 10−2
(39)
RWS(K
−π+π+π−) = (0.41+0.12−0.11±0.04)×10−2
(40)
As long as x and y are small, as com-
pared with
√
RDCS ≃ θ2c ≃ 0.05, the linear
term dominates over the last one, in Eq. (36).
Integrating over the time variable, results can
cThe D.C.S. and W.S. rates have to be distinguished.
The W.S. rate corresponds to the integral of W.S.
events time distribution. For experiments without
any bias or limits on the reconstructed D0 meson
proper time: RWS = RDCS +
√
RDCS y
′ + x
′2+y′2
2
.
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0 0.2 0.4 0.6 0.8 1
R(WS) (10-2)
Figure 15. Measurements and global average of
wrong sign relative to right sign decay rates of D0
mesons into Kpi. Vertical lines correspond to the
naive expectation: RWS = tan
4 (θc).
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Figure 16. Signal for the W.S. process D0 → K+pi−.
The data are the full circles with error bars, the pro-
jection of the fit for the signal is crosshatched, and the
projections of the fit for the backgrounds from charm
and light quark production are singly hatched. For
part (a), M is within 2σ of the C.F. value, and for
(b), Q = m(Kpipi) − m(Kpi) − m(pi) is within 2σ of
the C.F. value. Figure from 72.
be expressed in the (y′, RDCS) plane, see fig-
ure 17. In this figure, the CLEO measure-
ment, obtained by fitting RDCS , x
′ and y′
on their registered time distribution has been
given along with the constraint obtained by
combining wrong-sign rate measurements in-
cluding all results but CLEO. Within one
standard deviation (or so) these results are
compatible and also compatible with zero. If
the phase δ is not too close to zero (30◦ or
more) and if x is not much smaller than y, it
can be expected that a comparison between
the values of y and y′ gives access to x. If not,
it seems extremely difficult to be sensitive to
values of x below 1% because of the quadratic
dependence of the last term in Eq. (36). Ex-
tracting x from measurements of y an y′ re-
quires a determination of δ which seems to
be possible at a c-factory 75.
In the coming years it can be expected
that analyses of W.S. events measured time
distributions allow one to reach an accuracy
on y′ of a few 10−3.
0.01
0.008
0.006
0.004
0.002
0
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
CLEO
D     K p  (t)
(68 % prob.)
RDCS y= DG2G(all measts.)
y'
(all measts. but CLEO)
1
2
[y'2+2RWS-y' y'2 +4RWS]
+-0
Figure 17. Summary of present measurements in the
plane (y′, RDCS). The curved region corresponds
to the constraint given by the measured rate of W.S.
events, considering that the last term in Eq. (36) has
a negligible contribution. The circle is the result from
CLEO 72 obtained by fitting their measured time dis-
tribution (and neglecting the correlation between the
two fitted values). The vertical band corresponds to
the averaged value of y given in figure 14.
2.5 D∗+ width measurement
The measurement of the D∗+ width is chal-
lenging because it needs a spectrometer of
high resolution and a detailed understand-
ing of its properties. A difficult point comes
from the absence of a monitoring channel.
In CLEO 76, this has been accomplished by
performing a detailed comparison between
the characteristics of reconstructed and simu-
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Sample Nominal Kinematic cuts Tracking quality cuts
# events 11496 3284 368
bad measts. ≃ 5% none none
fitted width (keV) 96.2± 4.0 103.8± 5.9 104± 20
systematics (keV) ±22 ±20 ±22
Table 6. Summary of the data samples, simulation biases, and fit results.
Γ(D∗+) =
g2
24πm2D∗
p3π+ +
g2
48πm2D∗
p3π◦ + Γ(D
+γ) (41)
lated charged particle trajectories. The stud-
ied decay chain is: D∗+ → D0π+, D0 →
K−π+.
In figure 18, distributions of the variable
Q = m(K−π+π+) −m(K−π+) −m(π+), for
real and simulated events are compared and
the value of the intrinsic D∗+ width is ex-
tracted. Typical experimental resolutions on
Q are of the order of 150 KeV. Three sam-
ples of events, selected with criteria, provid-
ing different sensitivities of the measured Q
value, to detector properties, due to decay
characteristics of the events or to the quality
of charged particle reconstruction, have been
analysed. They give similar results as indi-
cated in Table 6:
Γ(D∗+) = (96± 4± 22) KeV (42)
An example of a fitted distribution is given
in figure 18.
This measurement is important because
it allows one to determine the value of the
amplitude for soft pion emission in charm de-
cays:
g = gD∗D+π◦ =
gD∗D◦π+√
2
(isospin)
= 17.9± 1.9 (43)
The expression relating the D∗+ total
width and g which can be found, for instance
in 77, is given in Eq. (41).
The amplitude for soft pion emission en-
ters in chiral evaluations and also, as an ex-
ample, in single pole form factor parametriza-
1
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10 2
10 3
2 4 6 8 10
Q , MeV
Ev
en
ts
Events
Signal
Signal mis-meas.
Background
Figure 18. Fit to nominal data sample. The different
contributions to the fit are shown. Figure from 76.
tions of the semileptonic decay D→ πℓ+νℓ:
f+Dπ(q
2) =
fD∗ g
2mD∗

 1
1− q2
m2
D∗

 (44)
which can be used when q2 → m2D so that the
emitted pion is soft. Now the problem comes
when the actual result from CLEO is com-
pared with expectations 78. Apart for quark
models which are in reasonable agreement
with the experimental result, but for which it
is difficult to attribute an uncertainty, other
more QCD-based approaches are failing by
a large amount. Light cone sum rules allow
one to evaluate the product fDfD∗g and, sep-
arately, fD and fD∗ . They predict
79 a rather
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low value:
Γ(D∗+) = (35± 20) KeV (45)
In lattice QCD there is not yet a direct eval-
uation of g for charm particles. Using their
predicted value for the semileptonic form fac-
tor at zero recoil (f+Dπ(0) = 0.64 ± 0.05+0.−0.07
80) and Eq. (44) in which the measured value
for g is used, a value for the D∗+ decay con-
stant is obtained: fD∗ = 140MeV. This value
is rather low as compared with expectations
of the order of 270 MeVd. But it must be
noted that the result obtained from lattice
QCD for f+Dπ(0) is in rather good agreement
with the value deduced from QCD light-cone
sum rules and with the experimental mea-
surement of the semileptonic branching frac-
tion BR(D0 → π−e+νe) = (3.7± 0.6)× 10−3
23 which, using the parametrization of Eq.
(44), corresponds to f+Dπ(0) = 0.74± 0.03. It
has to be emphasized that Eq. (44) is ex-
pected to be valid at high q2 whereas the dif-
ferential decay rate is negligible in this region.
Consequently, when comparing the total de-
cay rate with expectations from lattice QCD
or QCD sum rules, the q2 dependence of the
form factor is also relevant. Present discrep-
ancies may point to a more complicated q2
variation than given in Eq. (44). It seems
rather important that theorists examine in
some detail the present situation.
From the experimental side, it is impor-
tant also that this measurement be repeated
at b-factories, which seem to have similar ca-
pabilities as CLEO, and possibly reduce the
present systematic uncertainty of ±22 KeV.
2.6 Absolute branching fraction
measurements
The present situation 23, summarized in Ta-
ble 7, needs to be improved a lot.
For exclusive final states, only D0 decay
channels are measured with some accuracy
dIt is expected that fD∗ > fD ∼ 240 MeV .
Exclusive D → ℓ+X D → K−X
D0 2.3% 4.5% 8%
D+ 6.7% 11% 12%
Ds 25% 75% 100%
Λ+c 26% ? ?
Ξ◦c ? ? ?
Ξ+c ? ? ?
Ω+c ? ? ?
Table 7. Present relative accuracies on the best mea-
sured c-hadrons exclusive decay channels and on two
inclusive processes. The sign “?” indicates that no
information is available.
even if the few permil level, reached in τ de-
cays, is far from being accessed. The de-
termination of inclusive properties is really
poor. The reason for this situation is very
clear. At all e+ − e− colliders τ leptons are
produced in pairs without any other accom-
panying particle and thus, absolute branch-
ing fraction measurements are a priori possi-
ble at all these machines e. For charm, the
only place were c-hadrons are produced in
pairs of conjugate states, is in the thresh-
old region. As the present situation is ex-
tremely poor and as large statistics of c and
b-decays are being registered at CLEO and
b-factories, dedicated tagging procedures can
be developed and improved results are ex-
pected. As an example, the recent measure-
ment, by CLEO 81, of the Λ+c branching frac-
tion into pK−π+ can be given. It is difficult
to imagine that such approaches can reach
accuracies better than several percent.
The accurate determination of D+ and
Ds decay constants and of the q
2 depen-
dence of form factors in semileptonic decays,
which are important measurements to vali-
date lattice QCD calculations can be made
only at a Charm factory. This is true also
for the determination of inclusive properties
eBackground characteristics are not completely neg-
ligible as, for instance, the ALEPH 20 experiment at
LEP has obtained similar precisions as CLEO 19 on
the τ− → pi−pi0ντ channel with ten times less statis-
tics.
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of c-hadrons for which, as an example, the
most precise results on the D+ are still com-
ing from MARKIII 82.
2.7 D decay constant measurements
A recent result has been obtained by OPAL
83 (see figure 19) and ALEPH 84 has also pro-
duced a new report. All measurements have
been summarized in figure 20. The leptonic
branching fraction of charged D mesons is
given in Eq. (46) which is similar to the cor-
responding expression for pions. Because of
helicity conservation, the decay rate is pro-
portional to the square of the charged lep-
ton mass. It follows that decays into τ lep-
tons are favoured whereas those into electrons
can be neglected. Typical values for expected
branching fractions are:
BR(Ds → τ+ντ ) = 5.7%,
BR(Ds → µ+νµ) = 0.6%,
BR(D+ → τ+ντ ) = 0.1%,
BR(D+ → µ+νµ) = 0.04% (47)
taking fDd = 220 MeV and fDs = 260 MeV.
The OPAL analysis 83 is using neural net-
works to reduce the contamination from Z→
bb events and from other c-hadron decays in
Z → cc events. Evidence for the signal is
obtained using the cascade decay D∗s → Dsγ
(see figure 19).
The average value for fDs , taking into
account correlated systematic uncertainties
which are dominated by the error on the
Ds → φπ+ branching fraction, is equal f to:
fDs = (267± 7+31−35) MeV (48)
and agrees with lattice QCD evaluations
which correspond to fDs(lattice) = (250±25)
MeV 86. Such a comparison is expected to
be a stringent test for lattice QCD as mea-
surements of D meson decay constants can
fA rather similar value: fDs = (264± 15± 33) MeV
can be found in 85.
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Figure 19. Invariant mass m(γDs) of the photon and
the Ds candidate for the events satisfying all selection
criteria. The contributions to the Monte Carlo distri-
bution from the signal and from the different sources
of background are shown separately. The signal re-
gion is indicated by an arrow. Figure from 83.
100 200 300 400 500
f(Ds) (MeV)
Figure 20. Summary of experimental results on the
Ds decay constant. Measurements of Ds → τ+ντ and
Ds → µ+νµ decay rates have been combined.
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BR(Ds,d → ℓ+νℓ) = GF
2
8π
τ(Ds,d)f
2
Ds,d
∣∣Vc(s,d)∣∣2mDs,dm2ℓ
(
1− m
2
ℓ
m2Ds,d
)2
(46)
reach a percent accuracy at a Charm facil-
ity. Obtaining values of B meson decay con-
stants from extrapolations of measured D de-
cay constants could be a valuable approach
51 as it is impossible, in practice, to measure
directly fB.
3 Conclusions
As you have noted τ and charm physics are on
very different grounds. They are extremely
nice laboratories to study QCD in its pertur-
bative and non-perturbative aspects. These
properties have been already well exploited
in τ decays whereas, for charm, a lot remains
to be done.
The two aspects are complementary. In
τ decays the production of hadrons is clean
and simple, through the charged weak cur-
rent. This allows one to control non-
perturbative contributions and to access fon-
damental parameters of the theory such as
αs and quark masses. In charm decays, the
hadronic current is coupled to a heavy quark
(charm). Simple situations met in leptonic
and semileptonic decays allow one to con-
trol lattice QCD evaluations of heavy meson
decay constants and form factors. Accurate
measurements in these domains need the use
of a charm factory. This will open a basic
understanding of non-perturbative QCD for
the benefit of, for instance, the extraction of
CKM matrix element values from measure-
ments of b-hadron decays or oscillations.
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